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FOREWORD. 

ccndm-ting prehistoric explorations in 
Gujarat, first at the i^tancc of the late Rao Biihadur K. N. DjKSHir. who as the 

l^tor G^eral of Arrhacojogy in India initiated the woii, and later with a 
hnanciaJ grant from the Gniveirity of Bombay. When it appeared that the field 

\ "I ™'' «xptoU»«. 

were «««»ary, the Institute issued an appeal for funds in mb. This was vtiv 

authorities of the Sir Dorabji Tata Tnist and 

SSin ^gT 7^ ^ ^ ^ Tata PrehistoZ 

tvpcditwn to Gujarat was oiganrard ,n 194fi^7. When it returned from the field 

tori *” remained unsolved, particularjy the dating of the prehii^ 

T^*' 1!^“^™' General of ArehiLlogy 

n India su^ed tl^ Dr, T. E. ZBt;N«, he invited to make an environnj^ 
stud> uf Gnjanu prehistoric cuJhuiea with a view to datii^ them, This was also 

rS. SS?. ■^*'“ t™, a„ 

Excepting the studies carried out by Dk. Oe Terha tod 
^ behalf of ^e Yale and Cambridge Univmsitie^ these studies Ire the first of 
Jeir krnd to be sponsored in India, and we them primarily to the enlightoii^ 
Kou^ of the Tatas and VVadks, and to their active ineial help.^Tfmti^ 
B in ed ^tefnl to both of them. We are also thankful to Dr. R. E. M. W'HEsLjai 

for obtaining the Govei^nt of India's cooperation and to Dr. F, E. ZrcKEa 
for acreptmg our mvitddoii. 




61A Sept*mb^r 1950. 


S. M. KATRE. 
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I. INTRODUCTION. 


In January' and February, 3949, an expedition was sent jointly 
by ihc Archaeological Survey of the Govenutient of India and the 
Deccan CoDege Post-Graduate Research Institute, Poona, to Gujarat 
and the adjacent parts of the Deccan. The latter was helped by the 
iVadia and Tata Trusts. Its purpose was (apart from the training of 
Indian prehLstorians) to study the implement-bearing strata, which 
had been found mainly in the valleys of the rivers, to establish thclv 
typological affinities and their geological context, and if possible to 
arrive at a chronology of this earliest evidence of the presence of 
man in this part of India, The present paper contains a summary' of 
the field observ'ations and of the interpretation which may be given to 
them after the macroscopica! study of the samples collected. A very 
large number of samples were taken during the expedition, and their 
physical and clicmical investigation will require considerable time in 
the laboratory. Since the basis for the study of the properties of 
deposits is their mode of occurrence in nature, it is proper to put 
these field observations on record without delay. 

The area has been studied by a comparatively small number 
of workers. The first was Bruce Foote who, in J898, published hi,s 
excellent Geology of Barada State. Work on the prehistory of Gujarar 
w'as again taken up and its results published in an important memoir 
by Dr. H. D. Sankalla (19^'6), Further notes on the geology of 
Gujarat which have a bearing on the subject are to be found in 
Dr. Sankalia*s Arekaealogy of Gujarat (1941) and Mr, GaPre^s 
Archaeology in Barada (1947). There are also a number of special 
papers which will be referred to individually. Valuable information 
on the modem environment, which provides the basis for any recon¬ 
struction of the environment of early man arc to be found in C, D. 

I First report on the Indian Cecu'hnonologii'al Expedition, 1949. 
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Desdpande's Regional Geography of Western Indiu {1948), Whilst 
^vo^kiIlg in the field T enjoyed the efficient co-gperation of my friend 
Dr. H." D. Sankalu pf the Deccan College Research Institute and 
of a team of archaeologists, among whom 1 wish to mention especially 
Messrs. M. N. Deshpande and K. V. Souxdararajan of the Archaeo¬ 
logical Survey of India, Dr. B. Subbarao and Dr. Ibawati Karve of 
the Deccan CoUege Research Institute. Mr. Vatsraj of the Union 
Engineering Corporation, Ahmedabad, Mr. Patel, Baroda and Mr. 
A. S. Cadre of the Baroda Archaeological Department kindly helped 
us in many ways. I wish to express my sincere thanlis to all these friends 
for their efficient help and in so doing 1 include those many others 
who for want of space cannot here be enumerated by name. 

This paper is divided geographically, according to the river 
systems studied. The most important part is that on the Sabam^ti 
system which has provided the most complete setjucnce and which, 
therefore, has been adopted as the standard for the discussion of the 
others. The arrangement is from north to south, which is not merely 
convenient geographically but demonstrates clearly the gradual 
edimatic change with the geographical latitude. Present-day topo¬ 
graphical descriptions are almost completely omitted, since these 
and their bearing on archaeology have been dealt with adequately 
by Sankalia (1946) and Deehpande (1948), The description of 
localities has been arranged in such a way that the sequence of 
geological events and the relative dating of prehistoric industries are 
reconstructed going from the present back into the past. The reason 
for doing so is that this is the normal method of work applied in 
strati graphical geology, ft telLs us which of the deposits are older 
than others, so that in the end we arrive at a minimum age for each 
of them. It 'irill be seen that thn b significant as regards the age of 
the artifact-bearing gravels of the Sabarmati system. Moreover, going 
back from present-day conditions gives us a solid foothold in the 
period with the conditions of which w*c are naturally most familiar. 


II. THE SABARMATI RIVER. 

Modern Soils [Z), 

The modem soils which have developed on the almost lei'el 
plateaus of Northern Gujarat are strongly influenced by wind action. 
A large amount of fine sand and silt is blown about as a result of 
intensive agncullurc which destroys the vegetation cover and rviyajifR 
soil particles to air currents. It is one of the worst effects of the usual 
agricultural practices that an enomtous amount of valuable surface 
soil is thus carried away and often redeposited in incovenient places. 
Chemical w^eathcring which, under normal conditions, i.e. with a 
permanent cover of vegetation, would form a deep layer of alteration 
in which plants find an adequate food supply, is much impeded by the 
effects of wind action. VMicre the surface is losing material otving to 
deflation”, the soil-forming processes have to penetrate deeper and 
deeper into the fresh substratum which means that these soils are not 
able to mature. On the other hand where the wind is accumulating 
sand and dust, the surface layer is added to constantly and the soil- 
forming processes have to weather this additional material as well as 
the subsoil occurring in situ. Again maturation of the soil is impeded. 
In both cases fertility suffers. It is the curse of agriculture, especially 
in climates with a dry season, that it destroys the layer of soil on which 
it depends. Vast regions, like parts of Mesopotamia, the border lands 
of the Sahara and so forth, lands which carried great ancient civilisations 
have been turned into desert. It will be necessary for modem man 
to control this process by all possible means. 

In the present context this observation Implies that few mature, 
and therefore typical, soil profiles are to be found in Northern Gujarat 
which would enable us to get a clear idea of the t^'pes of soils w hich 
are being formed under present-day climatic conditions. The soil 
sections which I was able to see appear in the plains to be related 
to black-earths, and chestnut soils. In some places, especially on 
slopes near DharoS, Taranga and Hado], the soils tend to be orange 
or red in colour, and it is suggested that if the country were carrying 
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its naturcil vegetation of light forest, allitic red-carths would develop* 
Where the calcareous sand is thin and where impermeable rocks arc 
forming flat surfaces, black cotton soil (regur) is observed. In the 
vicinity of Bapsar Lake (near Dharoi), where crystalline rocks form 
hilts rising from the wide, flat-bottomed valley floors, a catena is 
frequently to he seen, starting with black soils on the flat ground and 
passing through yellow soils into red soils on the slopes. Not all black 
soils, however, are of the hea %7 regur type ; some are more reminiscent 
of chemozyom as found in the continental steppes of South Russia 
and elsewhere. 

At Kamalpur, near Valasna, a flat expanse of cotton soil with 
no drainage, is used for rice-growing in the monsoon season. This 
ground was covered with forest until about 25 years ago. I was not 
able to ascertain what type of forest this was, but this locality suggests 
that cotton soil might occasionally form under a cover of w'oody vege¬ 
tation. This, how'cver, b unlikely to be the rule. 

As an example of a soil from the sand-covered plains of Northern 
Gujarat ^v-ith good drainage, the surface soil of Langhnaj may be 
mentioned. It is calcareous throughout and greyish-brown. The 
humus content decreases very' gradually downwards and the kunkar 
(calcium carbonate) concretions start at about 5 ft. below the surface; 
they are small and numerous. This sod profile is almost certainly 
immature. 

*\nothcr section exposed by the digging of a large well was 
seen on the W'ay from Vijapur to Hirpura, about a mile south of the 
village. It shoived, on level ground and on the u.sual sandy-silty 
subsoil, a blackbh-brown non-calcareous sod which might be regarded 
as transitional from a black-earth to a chestnut soil. It was about 
6 ft. thick and its reaction (within 3 ft, of the surface) was pH= 7.2, 
It had retained a sandy texture and contained a large amount of 
alkali-soluble organic matter. 

From these and other observations it may be inferred that red 
loamy soils and true lateritcs are not formed in thb area at the 
preseni time. 

Latest Dry Phase (T). 

The section exhibited by the excavations at Langhnaj, on 
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Andhario Hill (Sankaua, )946, p. 79) are composed of the following 
sequence: 

(2) Modem greyish-brown, calcareous soil developing on (V). 

(VJ Brown, calcareous sand passing into (Z) and alTccted 
hy surface w'eathering. In the low-er part of this bed micro- 
lit hs w'ere found associated with potterv' as described by 
Sankaua (Neolithic or Iron Age). The thtchness of this 
layer is here about 4 ft., but varies with the section. 

An horizon faintly stained by humus, evidently an im¬ 
mature buried soil with a somewhat undulating surface. 
Thickness difficult to assess as it passes imperceptibly into 
(VV), This land surface coincides with an archaeological 
level w'hich has produced human skeletons, animal bones 
and microliths, also sandstone slabs flattened on one side 
and used for grinding, but no pottery, 

(W) Light yellowLsh-brown sand, calcareous and containing 
small hunkar rtodules from 5 ft. dowm. 

This section (fig. 2) Is situated on the top of a small hill, which 
is gcnti) inclined on the south-west .side and steep on the north-east 
side. It is not U-shaped though many similar hills in the neighbourhood 
are so. These U-shaped hills are open towards the south-west. They 
are superimposed on an almost le\ el plain and since stones and pebbles 
are absent from the sand which they contain and since this sand is 
of an ejKcecdingly even grain-size, they are likely to be ancient dunes. 
The material constituting them, however, is too coarse to be called 
a loess [as done by Foote and others) and should be classified as a 
fine sand. Furthermore there are depressions, temporary water-pans, 
to the south-west of many of these hills. They appear to be “blow¬ 
outs" from which the materia! which now constitutes the tiimes was 
removed by the wind. .Andhario Hill shows by its cross section th.^t 
the wdnd that shaped it came from the south-west, the prevalent 
direction of the wind even at the present-day. The tail-likc extensions 
of the U-shaped hilLs point in the same direction, This may be 
regarded as evidence that, when the wind was forming these dunes, 
there was sufiicient vegetation present to fix part of the dune-sand 
on the flanks of their moving bodies [fig, 3). 
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These duncSj however, are not recent. The section, shows thi.H 
clearly. The dunes were already in existence at the time of the 
microltthlc, prc-poitery occupation at I..anghnaj and tvere at that time 
fixed by vegetation forming the buried soil horizon (X). From this 
it must be inferred that the sand (Y) betw'ccn the buried soil and the 
modem soil indicates merely a revival of w'ind activity' in Neolithic 
to Iron x4gc times which w'as followed by' a last phase of fixing by 
vegetation (formation of the most recent soil). It indicates^ therefore, 
a slightly drier phase, or at least an intensification of wind activity. 
Since wc know From archaeological evidence that at that time an 
agricultural population was present in the area, it is conceivable that 
the increase of wind activity was due to their appearance on the spot. 
On the other hand, the soil u hich has formed on top of the hill in 
recent times suggests that wnd activity w-a.^ reduced and vegetation 
gained the upper hand at a later date. This might indicate a return 
to slightly damper conditions, hut evidence is not conclusive. 

Pre-potti^ry MicroUthic Occupation Phase (A"). 

The land surface which is indicated by the humits hoiizon at 
a depth of 4 ft. jn the excavations of 1949 was occupied by man 
producing vast numbers of mtcroltihs, though apparently not using 
pottery. From the presence of the hunrus horizon at this level, not 
only at this site but also m several other localities, it seems probable 
that at the time a soil was being formed, in other words that the 
sand of the dunes was not moving. This implies slightly damper 
conditions than those obtaining before and after this period, with n 
cover of vegetation .sufficiently denst* to increase the humus qoirtent in 
the topsoil. At the actual occupation site man is likely to ha^'e 
contributed to this humus concentration. This phase is of particular 
interest from the pomt of view of primitive food economy. Sankaixa 
and Karve (1949) have reported on the industry' and the dolichoce¬ 
phalic skeletons found buried in layer (W) of our section, presumably 
from the land surface, horizon (X). Whether the grinding 
stones found in this industry are evidence of the use of 
grain remaios to be seen, but this would not be proof of 
agricultural practices, since wild grass seeds are collected by 
.\iistralian natives even today. The fauna associated with the site 
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comprises ^ rhinoceros of th<‘ unicornis group (represented by teeth 
and probably a shoulder-bladej, a large bovine, a sheep or goat, deer, 
pig, horse, dog and what appears to be a mongoose, burrowing rodents, 
tortoise and fish. This fauna will have to studied in detail At 
the moment it is not certain whether or not domesticated species are 
included. The deer and rhinoceros are undoubtedly wild, the bot-ine, 
the pig and the horse could be either. The suspected sheep or goat 
is the only species ^vhich suggests domestication, but there are a 
sufficient number of wild ruminants in the fauna of Western India 
which have to be taken into consideration as alternatives, ft is hoped 
that the investigation of the fauna can be completed at an early date. 
It will of course be neccssarv- to check with care the levels from which 
the specimens came. It is quite conceivable, and in fact quite likely, 
that the pottery-making Neolithic to Iron Age inhabitants of le^'ct (Y) 
possessed domesticated animals. But if the existence of domesticated 
types in the pre-pottery microlithic horizon can be established we 
should have gained a most valuable piece of information about the 
food economy of early microlithic people of India. 

The Dune Phase at Langknaj (JT). 

The sands, layer (W), underlying the soil of the occupation 
floor of (X), constitute the body of the dunes. The definite .shape of 
these dunes (as described above) is proof of their mobility for a 
considerable period. They rest, with their blow-outs, on a virtually 
level plateau surface. From the morphological point of view, these 
evidences of wind activity are so clearly superimposed on the general 
pJam that one is inclined to regard the formation of the plain as a 
.separate phase preceding the formation of the blow-outs and dunes. 
Unfortunately no section was available deep enough to cut through 
ffie floor on which the dunes rest. If in such a position a soil can 
be found, the suspicion will be substantiated that the phase of the 
formation of the dunes has to be separated from the preceding phases 
to be described presently. In order to allow’ for this possibility the 
letter (V) is tentatively assigned to this land surface. 

Main Dry Phase (f/). 

The surface of the plabs is underlain by a great thickness of 
sandy deposits. They are well exposed in numerous sections, mainly 
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in river cliffs and also in many nalas, ITic sand is of even grain, 
often calcareous, well-rounded and thus suggestive of wind activity. 

In the banks of the Sabarmaii and the adjacent nal^ it foims thick 
beds, occasionally with the distinct aeolin falsc-beddtng, and on the 
whole extending with equal thickness over considerable distances. 1 his 
appears to mean that the wind-blown sand was at least in part levelled 
out by water. The thickness of these sands varies but is always con- 
siderafalc. At Hirpura, for instance, it is about 30 ft. In places away 
from the river Sabartnatt it appears to be much thicker. The tube 
well V-l near Vijapur, for instance, contains as much as 95 ft. of this 

material. 

The most characteristic section is probably that obscr\^ed in 
the Sabarmati cliff at Hirpura, It is as follows [fig. 4). 

(Z) 97 ft. 6 ins. above the dry season water levelr I..and surface 
with brown top-soil, 

(U) Wind-blown sand, purely aeolian in upper third with two 
horizontal sand-banks in low'er two-thirds, with an indls- 
linci stratification which becomes distinct near the base, 
where one or twno lenses of material derived from (T) are 
evidence of water action. Total thickness 32 ft. 

(T) Red soil, very deep weathering, dark red near the surface, 
becoming lighter downwards. I'Jcar the base [about 20 ft. 
down! kunkar formations appear. Evidence of a land 
surface of considerable duration. 

(S) About 25 ft. (including the weathering horizon [T) of ^ 
die material on which the soil developed: stratified river 
silts and sands, at the base passing into (R). They have 
the appearance of an inundation deposit and are some¬ 
times called “alluvium**. Palaeolithic industry. 

(demented riv’cr gravel. Mostly pebbles of about 5 mm, 
diameter, but also some larger ones, up to 1 ft. Com¬ 
ponents trap-rock, quartzite, granite and ironstone. 
Cement calcareous, probably an in filtration connected with 
weathering proce.ss« of (T). A Palaeolithic indusm* is 
present. Thickness at least 10 ft, 

(Q) An indurated clay, mottled grey and brown. Contains a 
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fair amount of sJk. Induration dur to calcium carbonate. 
At lea-st 10 ft. thick. 

This sectian, which k repealed in majiy other localities along 
the Saharmati, suggests that conditions of aggradation were prevailing 
while the sands of ^U) were being accumulated, at first with the aid 
of water, but wth wind action becoming more and more prevalent 
until it dominates in the upper third. On the wholes therefore, this 
period must be regarded as a phase of considerable duration, starting 
with relatively moist conditions and ending with pronouncedly arid 
conditions, No fauna or prehistoric industries have been found in 
these deposits. 

Tht Red Soii Phase (T). 

The Hirpura section shows the acolian deposits of (U) resting 
on a conspicuous land surface, marked by a red soil (T). The soil, 
which developed on calcareous river deposits (S), is a ubiquitous feature 
of the Sabarmati area and can be Followed continuously over stretches 
of many miles. There is no doubt whatever that it is the product of 
a prolonged period of weathering under conditions more humid than 
those prevailing both before and after. The depth of reddening is 
about 25 Ft. 

A curious topographical point should however be noted. W'hile 
this soil wan forming the land surface in the Sabarmati area, covered 
svith forest, the river cannot have been in the same place tihcrc it is 
today, at any rate, not in the plains svhere the soil is preserved in jftu, 
Near the hill.s however, for instance at Hadol, the red horizon contains 
lenses of fragments of granite including fresh feldspar crystals. Here, 
the red bed seems to be in part laid dm>Ti by water since, if weathering 
in situ was responsible for it, the feldspars would have been disintegrated. 
This section (fig. 5), therefore, indicates that at its exit from the hilly 
country the river maintained its position during the period of formation 
of the red soil. It appears that much red soil matter was washed 
into the river, where it was mixed with local granite detritus. 

This bed at Hadol bears an interesting re.semblancc to the 
famous Bed fll of Olduvai iu Nonhem Tanganyika. The Olduvai 
bed has been regarded as weathering in ritu by some authors but it. 
too, contains fresh feldspars and is more likely to be a water*deposit 
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ffluviatilc or hilhvashj In which derived soil matter is mixed with 
fragments of rock. On the Sabarmad. the sections prove the con¬ 
temporaneity of this type of deposit >vith the period of soil formation* 
But soil foitnadon and formation of w'ater-laid deposits containbg soil 
matter are not necessarily contemporaneous elsewhere, since a gravel 
containing older soil matter can be formed in any later pha.se, This 
alternadve, too, is illu*stra.ied on ihe Sabarmad, in the section at 
Hirpura, where matter derived from the red soil is incorjxivated in 
the lower layers of the aeoUan sands (U ; pp, 8-9). 

The climatic imciprctaiion of this buried red soil is interesting* 
From w'hat has been *said above, it is evident that at the present day red 
soils do not normally develop in this area, otcepi on slopes in hilJv 
country, where a forest cover has existed until recently. Similar calcare- 
ou*s red soils, however, occur farther south, for instance in the Dhaiuat 
and Bellary Districts, tshere they appear to represent the modem 
weathering in places which prior to interference of modem man, uen* 
ro\'ered with .scrub and were reasonably well drained. The annual 
rainfall required for the formation of these red soils is quite low (IR ins. 
at Bellary). From this it is evident that in the Sabarmati area wherr 
the mean annual rainfall is about 29 ins., such red soils would, in all 
probability, develop at the present day over a much wider area than they 
actually do, if man, by replacing the natural vegetation with agri¬ 
cultural steppe, did not artificially make the soil climate more arid 
than it would be under natujul conditions. The fossil red soil thus 
appears to suggest rainfall of the same order, i.e. about 20-40 ins., in a 
climate w'ith a lojig dry season. There w’as ccitainly not enough svater 
available to leach calcium carbonate out completely. 

The River Silt Phase (<S). 

.At Hirpura and in many other localities along the Sabarmati. 
the red soil des'clopcd on huviatile sands and silts. With deposits 
(for the sake of simplicity called River Silts) a phase of river activity' 
came to an end which began with the deposition of the gravel (R)* 
The total thlcknes.'t of the gravel, sand and silt is ov'er 35 ft. at Hirpura 
and the sequence—coarse material below, fine material above—is 
extremely consistent everywhere. It must, for this reason, indicate a 
raising of the riv-er bed owing to aggradation, at a time when the 
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dimafc was becoming drier and the discharge of the riser k-ss. It 
« the usual picture presented by rivers in areas where the climate 
has changed from wetter to drier conditions, though the fact that 
coarse gravels are found at the base need not mean that the climate 
was very' humid at the beginning. Coarse gravels are more usually 
indicative of sea.sonalIy dry' climates in which occasional heavy Hood's 
provnde energy- for transpoi t of the large pebbles. In humid climates 
there is a more or less even discharge throughout the year, and with 
intense chemical weathering the load of the river is usually of a tine 
grade and shows evidence of chemical disintegration. The Silt Phase 
thus indicates a drying up of the climate before the formation of the 
red soil, w-hich m turn appeam to indicate somewhat damper conditions. 

The silts are the highest bed containing Palaeolithic implcmesirs. 
According to S.ankai.ia (J94<>, p. 30J find, were made at varying 
depths below the surface of the red .soil. Since the weathering was 
a process which affected the river silt after it had been deposited, 
and .since no implements were found on the surface of the red soil 
Itself, all these implements arc older than the .soil phase {1} and 
contemporary with the aggradation of the silt phase, ejtcept for the 
relatively small number of rolled implements^ which may he older, 

• ank.alia has classified the finds madi- according to 10 ft. levek and 
carefully analysed them from the typological point of view. He ha.s 
IHJinted out that crude implements occur alongside more finished types 
'irhich include x4cheulian haneUxes of latish appearance. There are 
.ilso numerous Makes, but very- few have striking platforms suggesdVe 
o evaUoisian technique. On the whole there is no distinct evolution 
from the older scries to the later, and the main difference benveen 
tools of the gravel and those of the silt appears to he the absence 
of pebble tools which are so characteristic of the gravel, They arc 
presumably lacking because sand and silt covered the river gravel. 
An important raw material was thus no longer accessible to man and 
ints may well have had an effect on the industry. Moreover, cleavers 
are comparatively scarce. Since "cleaveni” arc functionally to be 
regarded as wood-choppers, their scarcity is possibly a direct result of 
the reduction of woods with increasing aridity. There is perhaps a 
'light improvement in workmanship as one ascends higher in the section, 
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culminating in three specimens from the upper river silt (Sankallv 
1946, p. 102), but this is all. The lack o£ definite evolution of the 
industrv' confirms the geological observation that gravel and ri^cr silt 
arc continuous deposits which correspond to a comparatively short 
period of increasing aridity. 

The Gravel Phase (ii). 

At Hirpura the gravel bed which underlies the river alluvium 
is about 10 ft. thick. It is mostly a single bed, though occasionally 
divided by layers of silt or clay. This seems to be so particularly 
where the bed-rock penetrates the younger deposits. At Kot, for 
instance, where kaoUnised granite appears, the gravel is interstratified 
with sand and sUty clay (fig. 6). This section, taken as a whole, 
corresponds to our phases (R.) and (S). It is separaictl fiom the 
modem river by a ridge of kaolinised granite. This shows that the 
river has, in places, changed its course since the period of the gra\'cl 
phase (R). 

Another section in which the gravel Is divided occurs down¬ 
stream from Kot at Ghoghadwanu Oghu, not far from Hirpura 
(fig. 6}. Here it rests on mottled clay (as frequently dsewhere) and 
is subdivided by another bed of mottled clay into two portions. The 
lower gravel is composed, at its base, mainly of broken-up and more 
or less rounded ironstone fragments which arc derived from lateritic 
crusts. It changes gradually into a grav'd made «p mainly of fresh 
bed-rock exposed by the erosion of lateritic crusts (see p. 16 and lig. 7). 
The upper gravel bed is of the ordinary type, containing numerous 
quartritc pebbles and being heavily infiltrated with lime. The sections 
exposed in this nala (Ghoghadwanu Oghu) arc of particular interest 
as they show that the gravel bed was formed as the result of the 
denudation of ancient land surfaces. This point will be discussed later 
on. 

As a rule, the gravel is cemented into a conglomerate by 
calcium carbonate. This is almost certainly derived from the over- 
lying river silts (S) from which it was dissolved during the weathering 
period, (R). For this reason the cemented gravel forms vertical clifFs 
writh good exposures which have yielded large quantities of Palaeolithic 
implements. 
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I he mdiistr), Studied by Sankall\ (1946), i:ofUain.s large 
viiriciy of artifacts, from pebble took of pre-Abbc^lMan appearance 
to rebned Acheulian hand-axes, discoid cores and flates of Levalloistaii 
apjX'arance. Sankaha has made great efforts to sort out this assem¬ 
blage and. on the basis of his material come to the conclusion that 
it is a contt^poraneous group, A large mimbci of implements 
collected during the recent expedition are awaiting investigation. 
Several stratigraphical collections were specially made in order to 
find typological differences between the grac'd beds resting on rock- 
bench^ of different heights. Whilst at Pedhamli the preliniinaiy 
sorting created the impression that the flakes and discoid cores were 
more frequent on the lower bench, a careful mapping iind colltcting 
survey at Luhar Nala produced specimens of late Acheulimi appearance 
even from the upper benches. These prelitninary" (and therefore 
tentative) impressions obtained in the field would confirm SankaliaIs 
results of 1946. In view of the complexity of the situation, howev er. 
It will be necessary to study the newly collected material in the 
laboratory before a definite opinion can be formed. The undoubted 
presence of discoid cores and late Acheulian handaxes. ovales ami 
cl^vere makes one disinclined to regard this industry as early within 
^laeolithic succession. It differs remarkably from the Sohan sequence 
of north-west India in the mixture of flake and core implements. U 
IS perhaps, on purely typological grounds, most aptly describi-d as a 
rom [nation of 1at€ Sohan and trtiddlo to late Acheulian eJenicnts, 

There is no cNidcnce of a break between the gravel and the 
nv^rrlyuig river allurium. The implemctUs which Sankalia found and 
described from the surface of the gravel, therefore, mav be regarded 
as the last implements of the gravel phase or the first of the rh-cr 
silt phase. There was no land-surface at this le\el. except for a 
purely temporary one. 

The Manted Ctay (Q). 

In the vast majority of localities the gravel rests on a day which 
IS greyish, bluish or greenish, speckled with brown, or brown speckled 
with gicy. It is often more or less cemented by calcium carbonate, 
which presumably is a later infiltration, probably the same as observed 
in the gras-els. The physical Cfimpositiqn of the clay is somewhat 
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variable. In most cases it contains a fair amount of sill, and sonif- 
timts of sand. In the neighbourhood of the granite hills, disintegrated 
feldspar grains appear occasionally and there is an admixture of quart/ 
sand. Near outcrops of the Cretaceous, the mottled clay appears to 
be inlluenccd by this parent material, quartzitic silts and kaoHnitie clay 
matter making up the bulk of it. The speckling is evidently due to the 
partial oxidation of iron. 

The stratigraphical position of this clay is clear. It underlies 
the gravel in depressions. Where the bed-rock rijscs and the gravel rests 
directly on it. the mottled clay is suppressed. It was, howev'cr, nowhere 
seen resting on an older Pleistocene or Tertiary' formation, so that its 
relation to the older deposits of these epochs is obscure. 

The mottled clay is not a weathering soil ni situ. For this it is 
loo \>'ell sorted. It is aniost certainly a water-laid deposit of material 
derived from the decomposition of Ix'd-rock in a climate with intcirse 
chemical disintegration. The absence of red iron compounds makes it 
resemble many of the Tertiary clays of Kurope. some of which arc 
dissociated inth brown-coal deposits and which in all probability were 
formi-d in a warm and humid climate. But this does not mean that the 
period of deposition of the clay is contemporary with, or follou's at all 
closely, the [leriod in which the material was formed, so that the 
problem of the genesis of the molded clay has for the time being to be 
regarded as entirely unsettled. 

77ff Rturk B^ach of the Grovd Fhnw. 

During the c.xpcdition an attempt was made to construct a longi¬ 
tudinal profile of the Sabarniati river and Us terraces. In the process 
uf this w'ork it became apparent that the modem river is by no meaas 
in a graded condition, but contains several knickpoints. The most 
conspicuous we saw is caused by a ridge of granite pegmatite, at 
Madhuri, two miles dow'nstream from Valasna. But it became equally 
apparent that tht: ri\'er of the gravel phase containing the Palaeolithic 
industry was not graded cither. The sections of the mottled clay and 
cemented gravel Just upstream from the knickpoint. at Suiidarpur. 
about one and a half miles downstream from Valasna, illustrate this 
well. There is a large meander in the modem river, swinging to the 
left, AVherc it returns to the general direction of the river, the majoi- 
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ihrnii h t- ^ ^ jumble of enormous granite boulders 

ough vvhicb the water passes In several waterfalls. In the bend of 

e meander, which is completely covered by the river when in flood. 

mm separated 

T- ^ ^ pegmatite containing vefm of 

iirrochnc, which were already known to Brl'ce Foote. The situation 
<s shown in ng. 8. 

Up«rMm from ihc microciine hairier, cemented gravels rest 

el*' downstream tram it a hrown sandy loam 
(mottled elay.) ais the depresainn between the met, which dipi away, 
and the cement^ gravel, which coiltLlues horizontaUv. This situation 
suggests that pnor to the foi-mation of the loam there was a wateiiall 
here. The nver of that period continued to the west (oo the right 
looking ,h.wn-stream) through a gap in the present harrier which is now 

IhTtir^) V ,k‘" So>>-'>-qo«.tly Wha, apiwant to have been 

the of the waleifell was hlled with the loam, and the gravel of the 

graivl phase (marking the beginning of the aggradation period) was 

inratled clay a,^ though eomaJoiug some gravel scams, the “loam" 
is Strattgraphieally the equivalent of the latter. .At Sundarpur it contains 
fluart/ flakes which perhaps arc hiiman artifacts. 

At other localities .also irregularities in the rock surface under- 
Jymp the gravel and mottled clay arc observed. Both upstream and 
down.t,,ain from Pedhamli. fo. [„,„ance, Cretaceoas sandstone and 
Nhales form an uneven .surface ^ hich in jdaces beai^ an irrmstone crus, 
in particular, about a mile upstream from Pedhamli the Cretaceous 
i^oc -.s form a barrier which the modem river has dissected in a canvon- 
Ih But during the cememed gravel pha.se this barrier seems 

^ ha\e formed a kmckpomt, presumably with rapids, A flat rock 
enc of pre-cemented gravel age occurs here at two levels. .'JS and 4.'j 

uneceX''' XrXXiUirstrating the 
uneven Irench of the Palaeolithic river could be giv-en. 

The Pre-Gravet Ph^e L.and Surfact', 

The earliest recognisable river phase was thm characterised by 

an uneven longitudinal profile with rock barriers. In addition there ls 

evi ence of niimrTiou.s hills of bed-rock in the vicinity of the Palaeolithic 
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ri\’cr, which were ^duaUy cL^o^med in deposits, as ajjgradation pro¬ 
ceeded during our phases (R) to (U). Several examples have been 
given of such buried hillocks, for instance, at Kot, (fig. 6). They 
become more frequent as one advances upstream and approaches the 
hills at Hadol, where the present land surface, with its alluvial flats 
and its cn'Stalline hilk, reproduces the picture that was obiainii^ farther 
downstream in Palaeolithic times. 

Since the Sabarmati flows from north to south not far from the 
eastern border of the great depression between the Kathiawar Peninsula 
and the trap and cry stalline masslves of Central India, it is not surprising 
to find a drowTied, hilly, land surface of Palaeolithic age. This land sur¬ 
face Ls, hO'Wever, of special ioiercst because It is associated with a type 
of latecitic w'eathciing. The age of the periods of lairritic weathering has 
yet to be deterntined in India, When it has been done some of them 
will undoubtedly play an Important part in the chronology of the 
Indian Old Stone Age. For this reason the following observations arc 
heiitg put o[i record. 

LittfrUic HVrt//o’rtng. 

Tlie general appearance of the weathering profile.s is indeed 
of the ty^rc which is contmonly called laterile, with cellular crusts of 
ferric hydrate concentrated below the surface. The u.se of the term 
now tends to he restricted to the crust texture, hut the wreathering 
process which takes place in such soils Ls variable. Broadly speaking 
lateritic soils arc soils of the ailitie type with superficial concentration 
of sesquioxides in the form of crusts and concretions, .\llites are soii-s 
from which the silica has been removed with a consequent enrichment 
in alumina, culminating in the Important aluminium-ore, bauxite. On 
granite and other rocks rich in silica, the de-silification often does nor 
go beyond the kaolinite stage : AejO,=2: I f. On basic rocks 

(Krtehnak, 1935) it usually proceeds further, and all silica might dis¬ 
appear, ACiOa only being left (together with Po.O.,). This is atlite 
in the strict sense of the word. Alumina sufficiently pure for commercial 
purposes is called bauxite. Since iron, a.s one of the sesquioxides, moves 
relatively freely In these soils and is concentrated m the crusts and 
concretions near the surface, an Iron-red colour is characterktic of 
lateritic remeniation. 
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U has not yet been possible to cam- out a full chemical investi¬ 
gation of fossd soils m the Sabarmati area, but there arc indications 
at Kot that the suspected laterites do in fact tend in the direction of 
alJites At locality granite is the fresh bedrock on which buKed 
soils of latentic appearance are found. The feldspar of the granite is 
mainly onhoclase, with a proportion of silica to alumina of 6:1. This 
gianite bears a disintegrated crust which turns into a completely 
iMftcncd mass of white day with quartz crystals. In places this has 
been washed and sorted by natural agencies and a pure white clay 
has been deposited. Both this day and the clay obtained by washing 
from disintegrated grantlc are u^rked for kaolin b the neighbourhood 
and an analys-is was kmdly put at iny disposal by the managers of the 
Sorab Dalai China Works, Ransipur, From it the molecular silica/ 
alumina ratio can be calculated as being I.B5: 1, In the kaolin cnstal, 
the pro^Tlion is 2: 1. Since the clay from Kot is likely to contain some 
hnely-dividcd quartz mechanically derived from the granite, the Si/Ac 

ratio of the quartz-free clay is probably lower than indicated by the 
analysis. 

This suggests that in the day from Kot (which from the 
practical point of view is exceedingly pure) the remos-al of the silica 
has jnst passed the kaolin stage, so that some free alumina is already 
present. Kaolin has indeed been regarded by Hahrassowitz and others 
as an intermediate stage in the process of latciitic weathering, though 
more recently the view has .spread that kaolin is the end-product in 
granite dKlricts. Taken a.s a whole, the evidence from Kot suggests thar 
the soils under discussion may be classified as latentic. At Kot super- 
hcial iron crusts are found in many places and they occur also beneath 
t p cemented gravel, as they do at another important occurrence of 
lateritic soils about half a mile upstream from Pedhamli. 

.At this locality the .soil rests on Cretaceous red and white sand¬ 
stones and shales containing white mica and disintegrated grants of 
feldspar, as well as white day, the constitution of which has not yet 
been determined. The lateritic soU is about 15-12 feet thick and shows 
no distinct zonatbn, except that crust-formation and horizons of iron¬ 
stone concretions arc embedded in the clay in the upper levels. Along 
the joints disintegration extends do^^wards. This profile is overlain 
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by the usual ceinentcd gravel with its calcareous cemeiit and numerous 
calcareous concretions^ 

Lateridc sections exposed in vertical cliffs often exhibit con¬ 
spicuous crusts which, however, are merely superficial. They are 
produced by the drying out of the cliff face, which draws the soil solu¬ 
tion to its exposed surface, where the iron is irreversibly coagulated. 
It is necessary therefore to check the profile by removing the superficuKi 
crust with a pick before any of the sections are noted down and samples 
taken. The formation of these superficial crusts appears to be a wide¬ 
spread phenomenon in the tropics. Wherever iron solutions are moving 
in the soil crusts or concretions form when evaporation takes place. 

Murram is eonunonly formed in this way and so are the bog- 
iron ores deposited in places where there are seepages from the water- 
table, The property of certain soils covered by lateritic crusts which 
allows them to be cut when fresh and to harden when exposed to air 
(which makes them so useful as a building material) is due to the 
same cause. 1 first noticed the phenomenon of crust formation on 
cliff faces when studying the section of the Olduvai Gorge in 
Tanganyika, where the external appearance of the section simulates a 
true latciite whilst behind the crust a feldspar-bearing sandstone with 
a red matrix was exposed. 

Another point has to he borne in irund when latciitrc soils are 
studied. This is the distinction between derived latcrite and laterite 
i« situ. The iron concretions and the clay composing the upper horizon 
of lateritic soils are very liable to he washed about by sheet-floods in the 
monsoon period, since the crust formation is inimical to vegetation and 
the surface exposed to the direct impact of rain. Vast quantities of 
lateritic material, therefore, are washed down the slopes and they form 
thick deposits of derwed or colluaidi Jaterites In the depressions. This 
phenomenon is of great importance in connection with the Stone Age 
industries of the Madras region and will have to be studied closely in 
that connection. There is some derived laterite at the base of the 
cemented gravel in the Sabarmati area, for instance In the cliff face 
opposite Derol at the lower end of the gorge described by Foote. In 
rivers lateritic crusts are converted into ironstone pebbles. Pebble beds 
of this type form the lower pari of the cemented gravel at Ghoghadwanu 
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n' **i'* ^ dowtistream fmm me locality 

“detriril 1 7^' ' of the iroti.rtone grave] from the rtescrtbcd 

d^trital latcnte is ven.' obvious. 

BliKk Accumulation in Tropical Countries. 

^ cmc approaches the river near Kansipur (Virpurl the 

pZ^h *''> “ “ ^“shtly Ler ter^J’lova 

From „ one tteeends into the valley of the Sabamiati, passing a vast 

mr ^ of granite and of a coarse quartzite coiiglo- 

mcratc which lies at a somewhat higher level and must have fomed 
the covering of the granite. The^sc blocks are derived from the rock 
i« « u, an were detached and rounded off by some agency other than 
water. It can be seen that the origbal shapes of these blocks were 
drtermmcd by the coarse jointing, fiuch block accumulations are 
obsc^ed m many parts of the tropics and their origin has usually been 
a«:nbed to physical weathering of some kind, although it has rightlv 
een pointed out that the effects of insolation do not reach to a depth 
suffici^T to detach such blocks. The evidence at Ransipur and the 
neighbourmg locality of Kot suggests that the formation of giant blocks 
or bonders IS closely related to the process of spheroidal weathering 
(..g- Holmes, p. 118. pi. 25) which is due to the penetration 
fi weathering along the intersecting joints. The "boulder 

nejd of Ransipur continues downstream to Kot where blocks of granite 
measunng 30 and mom feet across arc embedded in decomposed 
granite. Here it is possible to see that the disintegration foUowcd the 
joints. Deep-reaching disintegration penetrating along the joints Ls 
^aiactertstic of kaolinitic weathering, so that the isolation of large 
boulders here is closely comparable with the isolation of smaller blocks 
m the case of spheroidal weathering, as observed even in temperate 
climates At Ransipur the disintegrated material has been removed by 
the of the river and residual boulders are left lying about in a 

conspicuous manner. In other places, especially on hills, the disinte¬ 
grated materiar has been removed by rainwater after the destruction 
of the vegetation cover protecting the ‘vpij, 

Clitnate of Laterite Formation. 

The climatic conditions required for the formation of laterite 
are as yet not known in detail. Most workers now agree, however, that 
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a climaie with a drj' season is necessary in order to bring the solutions 
containing the sesquioxides to the surface, Harassowttz (1926} 
has elaborated this aspect. During the wet season excess water drains 
do\v'n through the soil to the water table, tivhicb may be very low’. During 
this period solution prevails, silica is removed at a fast rate and so 
are the alkali constituents. During the dry season the less mobile 
sesquioxides come to the surface under the influence of evaporation. 
Actually it is not necessary’ to assume a movement of the sesquioxides 
on a large scale, since the removal of the silica and alkalis in the wet 
season would lead to a concentration of colloidal sesquioxides in the 
upper horizon of the soil. When these dry' out, howev'cr, the iron hydro¬ 
xide and other sesquioxides lose their w’alcr and concretions are formed 
which do not revert to a colloidal state again when moistened in the 
follosving wet season. 

It is easy to conceive of an allitic soil developing in the tropics 
under seasonally damp conditions, or wet conditions throughout the 
year, under a cover of woody vegetation. It is known that many tropical 
soils tend to be allitic. If, as the result of natural agencies, dc-forcstation 
occurs, such soil is exposed to intense drying up and lateritic crusts and 
concretions W'ill inc^'itahly form in its upper horizons. -As an alternative 
to the usual riew that in latcritcs the B-horizon lies above the ,\-horiaon, 
it is therefore possible to explain the weathering profile as an A-horiaon 
partially concreted by drying up, whilst the B-horizon in the ordinary 
sense is absent altogether. 

It would appear that on the whole lateritic soils require a some¬ 
what ample rainfall to effect the removal of the alkalis and silica. 
There is no evidence of deep allitic or lateritic w’cathering in active 
progress in the drier parts of India, Everywhere the “lateritic soils” 
appear to be fossil. Perhaps lateritc is still being formed from the 
Konkan southwards to Travancorc, but 1 was not able to visit that 
region, 

In drier climates the earth-alkalis, especially calcium, arc not 
washed out but form concretionary B-horizons or are evenly distributed 
throughout the profile. This appears to be the type of soil which would 
form today in Northern Gujarat, It may be assumed, therefore, that 
lateritic weathering, accompanied by kaolinization in the subsoil, indLs- 
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cates wetter conditions than those obtaining in Northern Gujarat at the 
present day. The ‘‘lateritic soils" of Kot, Pedhamli and other places 
are therefore taken to indicate relativeiy humid phases. 

Age of the Lateritic Weathering, 

On the grounds of the stratigraphical sequence at Kot, Pedhamli, 
Derol and so on, the lateritic phase of the Sabaimati may be placed 
Immediately prior to the formation of the mottled clay. This is its 
latest possible date. Rolled fragments of lateritic crust have been 
described above as occurring in the cemented gravel and the lateritic 
weathering profiles occur in Ji7u below the cfmented gravel, for im 
stance at Pedhamli and .4glod. 

/Vs to the mottled clay, this, too, appears to be later than the 
lateritic weathering. If It was younger, one would expect to find red 
weathering on the clay surface, which has not been observed so far. 
From this point of \dew, therefore, the mottled clay, as seen in the 
sections in the valley of the Sabarmati, would be later than the lateritc. 
On the other hand welhborings in the neighbourhood of Vijapur have 
revealed .several layers of “mottled clay”. The lateritic ivea the ring 
may well be older than all of them. In this case it might be considerably 
older than the cemented gravel phase, and there would be a gap of an 
unknown duration in the record of the Sabarmati cliffs. 

It is perfectly possible that the lateritic weathering is very much 
older than the Pleistocene beds considered so far. Some w'Orkers regard 
the latcrite altogether as a Tertiary formation. Red soils of lateritic 
appearance occur between the sheets of trap lava on the Deccan 
Plateau. The Cretaceous sandstones and shales of the Sabarmati area 
appear to be the products of kaoliiiitic weathering, which again may 
be taken a.s a posisible indication of weathering of lateritic type. Irt this 
case however, it W'OuJd be difficult to distinguish a depo.sit of kaolinised 
material from kaolinization after deposition. The view, therefore, that 
the lateritic weathering of the .Sabarmati sections is as early as Mesozoic 
is thus tenable. 

In short the age of the lateritic weathering remains a problem. 
It is, howev er, possible that it occurred immediateiy prior to the forma¬ 
tion of the mottled clay and cemented gravel and that it is contemporary 
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with thr tormation of the buried prc-Falaeolithic land surface. It is 
certainly not later than this. 

UnconsolUlatcd Deposits Revealed by Well-Borings. 

Thanks to the courtesy of the Public Works Departmeni of 
Vijapur, the Tube Well Company of the Union Engineering Corpo¬ 
ration, Ahmedabad,- and the Public Works Department of Baroda, I 
have been able to study targe numbers of records of wdl-borings made in 
Northern Gujarat and also samples from some of them. These borings 
will have to be discussed in greater detail on a future occasion. In the 
present context, however, it Is necessary to mention a few points arising 
out of this c^deiice. 

(A) At least three miles from the river some of the well- 
borings suggest that the sequence of deposits is the same as in the 
banks of the Sabartnati river, with the red weathering horizon (T) and 
the cemented gravel (R). 

{B) In scA'eraJ borings, murrarn layers have been reported. 
The term "murrarn” is used in the records for any kind of iron con¬ 
cretion. The descriptive details suggest occasionally that lateritic 
crusts may have been struck, so that these borings deserve to be studied 
in detail. It is conceivable that they might provide additional informa¬ 
tion about the age of the latest phase of lateritic crust formation in 
Northern Gujarat. 

(C) In the Vijapur area the sequence of depoaiLs continues 
to a depth of over 200 feet (Wells F. 1 and F. 3) without striking the 
solid. Twenty-two miles south-west of Ahmcdabad at Chaloda an 
artesian well was sunk to a depth of 846 feet through alternating layers 
of sand and clay, without reaching the solid. The land surface is 85 
feet R. L. Thl.s well, therefore, shows that the same sands and clays 
which make up the topmost 100 feet of the ground of Northern Gujarat 
continue to a depth of more than 761 feet below the present sea-level. 
It seems difficult to explain this by means of custatic fluctuation of the 
sea-level. It would be just possible to relate the lowest stratum in this 
boring to the lowest Pleistocene sea-level, which is commonly assumed 
to be in the neighbourhood of 670 feet. Unless one is prepared to admit 
an ev'cn greater drop in sea-level, the conclusion is inevitable that 
Northern Gujarat is an area of comparatively recent tectonic depres- 
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Sion. Structural considerations are known to support this conditdon. 

Straiigraphical and Climatic Succession in the Sabarmali Area 
(Summary). 

All geological deposits here discussed are later than the formation 
o the Deccan Traps, which must at one time have been continuous 
from Gwahor to Kathiawar. A tectonic graben or basin must have 
been formed, or have started to form, after the early Tertiary, and in 
t JS depression the Sabarmati drainage system came into being. The 

‘T L time, by far the longest) of the histon- 

of the filling IS stiU obscure, although the weU-borings afford a few 
glimpses of it. It is possible that the Sabarmati has shifted its couree 
slowly to the east, where we pick it up at the time of the lateritic 
\veat erinf, (P). From this period onwards, the evidence suggests the 
followmg succ^ion of deposits and climatic phases. 

(P) Alhtic weathering and formation of lateritic crusts. Climate 
more humid than at the present. A hilly land surface. 

(Q) Mottled clay deposited in the basins of the river bed. First 
e\idence of the Sabarmati river being in the area where it 
Hows today. Climate not of the lateritic type. 

(R) Cemented gravel phase. The river carries coarse pebbles 
and deposits them as a sheet, veiling the uneven bench and 
the basins filled with the mottled clay. Climate characterised 
by seasonal floods, precipitation apparently somewhat 
heavier than nowadays. Palaeolithic man present in the 
area. 

fS) Silt phase. The river builds up its bed by shedding sands 
and silts. Climate becoming drier, rmnDff decreasing, and 
the river as a result building up its bed to form a steeper 
gradient. Palaeolithic man continues to be present, 

fT ) fhe red soil phase. The aggradation haimg drowTied part 
of the ancient land surface, the river has been able to shift 
its bed, presumably to a more westerly position. A red 
soil is formed, covering the exceedingly flat new land surface 
formed by the aggradation. Climate probably more humid 
than previoiLsly, with dry forest or scrub covering the 
countiv. 'I'be climate was, however, les-S humid than during 
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the laterilic phase (P). Falaeolithic man vanishes from 
the scene. 

(U) Main dry' phase. Once more the river begins to aggrade^ 
raising its bed still further. It rc-appears in the area of the 
present river and lays down fine sills and srind-blown sand 
derived from the arid land surface away from the river, 
Gradually river action becomes less conspicuous and aeolian 
de[X)sits of sand begin to dominate. The upper part of this 
bed appears to be purely aeolian in most places. Climate 
becoming drier again and culminating in an arid period. 
After the end of the dry' phase, a flat land surface was 
either left or (more prohably) Formed by sub-aerial denu¬ 
dation. Apparently a phase of .somewhat damper 
conditions, though no soil has been found in the Sabannati 
area (but see the Mahi river p. 26), 

(W) Dune phase. More or less isolated dunes are blown over 
the land surface (V). Climate: a re\’ival of drier 
conditions. 

(X) Prc'poitery microHthic phase. A soil develops on the dunes. 
Man re-appears as the maker of microHthic tools. 

(\'] Latest dry phase. This phase is of a somewhat doubtful 
character, as it may either be due to a slight increase in 
aridity of the eltmate or to man's destructive influence on 
the natural vegetation. Pottery makers present, agricultural 
activities highly probable. Up to Iron Age. 

(ZJ Modem phase. Climate like that of (X), with a prolonged 
dry season but sufficient precipitation to maintain (under 
natural condition.s) soil formation by chemical weathering 
under cover of a dry forest or scrub. Period of present-day 
agriculture. 

It will be noticed that this sequence of alternating damper and 
drier phases, on the whole, shows a trend towards greater aridity as one 
approaches the present day. Its significance will be discussed in the 
concluding paragraphs on p. 42. 

The Age of Stone Age Man in Gujarat. 

The sequence of climatic events revealed by the deposits here 


the SABARMATl RIVER 


discussed appears to be sufficiently complex to represent a very coasi* 
derablc period of time. \Miilst the microllthic phases arc certainly quite 
late. i.c. either early historic or near the end of the prehistoric period, 
the Palaeolithic deposits, separated from them by a great thickne&s 
of strata and at least two periods of a weathering of land surfaces, suggest 
extreme remoteness. It is certain that the Palaeolithic industry dates 
from well wthin the Pleistocene. The determination of its actual age, 
however, depends on the possibilities of correlating the climatic succes> 
sion of the Sabarmati with that of other areas, notably of Kashmir 
and Northern Punjab. Wc shall have to return to this question later. 
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Ill, THE MAHl RIVER 

One group of sections visited on the Mahi River lies about 100 
mdes south-south-east of those on the Sabarmati, dose to the railway 
bridge near Vasad, about 15 mijes north-west of Baroda, The second 
group is at Dabka, 20 miles downstream from Vasad, Vasad had been 
\istted before by Sankall\ (1946, p. 60) who found micro- 
litbic sites on the surface. An undoubted paJacolith was also found in 
1941-42 Expedition (Sankaija, 1946). The gravels in the river cUR were 
searched for Palaeolithic artifacts, but none were found. There is no 
reason tA'liatcvNcr why the Mahi should be barren and it is desirable 
that further searching should be done.* The sections were of the 
greatest interest from the chronological point of view, as they 
exhibited a sequence which is closely comparable with that established 
for the Sabarmati. The lower Mahi is still within the great basin of 
Northern Gujarat. 

Over a distance of a mile upstream from the railway bridge 
on the left bank of the river, six sections were measured and recorded. 
Section I, near Raika village, the farthest upstream, was as follows 
(fig. 9):- 

(Z) Surface soil. 

(W) Wind-blown sand, formmg a slight hiUock on the plateau 
surface. 

(V) Land surface of the plateau with a brown soil. 

(U) About 35 feet of yellowish-brown sandy silt with kunkar 
concretions and of aeolian appearance. VN md activity seems 
to have prevailed from the lowest horizons upwards. If 
this is at all significant it means that the liv'cr was less active 
here than on the Sabarmati. 

{T) Slightly reddish zone with kunkar. Section II shows this 
to be a reddish soil which becomes paler downwards. It 

•This has bciai started hy Dji. B, SuBBARAO, on behalf of the M. S- Univeraity of 
Baitxla. A few well made handaxes eta, have been found by him. (H. D. 
Saxsalja). 
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rests on yellowish-brown silt, but in both sections I and IT 
the actual contact between (T) and (S) was obscured by 
talus. 

(S) Brown sUt wih layers of kuntar, especially in the lower 
8 feet. Thickness, including red weathering (T), about 
37 feet. Apparently a flu via tile flood loam. 

(R) Cemented coarse sand and fine gravel, in places with 
pebbles of kunkar. 12 feet. In sections II and III, this 
gravel bed is divided into three by beds of clay with kunkar, 

{Q) Mottled clay impregnated with lime. 15 feet. At water 
level there appears another bed of gravel. 

This sequence of deposits closely resembles those of the 
Saharmati, for instance at Hirpura, The red soil divides the section 
into a lower part, which is mainly fiuviatile, and an upper part, mainly 
aeoUan. Even the total thickness is of the same order. The land 
surface (V) is 101 feet above the dry season water level (compared 
with 98 feet at Hirpura), The red soil is an even more conspicuous 
feature in the section at Dabka. 

The foUowing differences, between the Mahi and Sabarmati, 
may be noted. There appears to be a scries of alternating layers of 
mottled clay and gravel at the base of the Mahi sections, instead of the 
single gravel bed resting on the mottled day as observed in most of the 
Sabarmati sections. It shows that the formation of these clay beds is 
intimately connected with the gravel phase. Presumably they arc still 
water deposits laid down in cut-off portions of the river. The gravel 
phase is followed by the usual fiuviatile silt which is richer in calcium 
carbonate in the Mahi. Tlji.s difference is perhaps due to the larger 
amourit of calcium av-ailable in the rocks from which the Mahi alluvium 
IS derived, namely the trap, compared with the granites, quartzites 
and sandstones of the Sabarmati catchment area, FolfowTng the phase 
of red weathering, sands and silts were deposited which correspond 
closely to those of bed (U) of the Sabarmati. It is possible that they 
arc divided by a blackish soil, but since this horizon was inaccessible I 
can do no more than point out this possibility in the hope that future 
investigators might find a spot where samples can be taken. 

An important feature of the Mahj ts the presence of a soil or 
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land surface (V), whlck has not been observ'ed on the SabannatL 
This soil and the modem one are blackish-brown in colour. Fig. 9 shows 
sections 1 and 11 of the Mahi near Raika. They^ illustrate the amount 
of vaiiarion to be obscn^ed in the sequence in this area. 

From the point of vicvi' of climatic chronology it is evident 
that the sequence of events on the Mahi was the same as on the 
Sabarmati. No climatic differences arc indicated. The latente phase 
(P), however, is not represented on the Mahi, probably because the 
solid is not exposed. . 


IV, THE LOWER NARRADA SYSTEM 
(fl) Orsang River. 

The Orsang is a tributary of the Narbada, Sections were 
studied about 35 miles east-south-east of Vasad and about 25 miles 
west of Baroda, at Bahadarpur on the right bank and Sankheda on the 
left. About 13 miles upstream from Sankheda the Orsatig leaves 
the crystalline rocks underlying the Deccan Trap, and it flows as far as 
Sankheda in a rapidly widening alluvial channel. Near Sankheda it 
is about 10 miles wide. This area w’as already known to Bfuce f oote 
as a prolific site yielding microliths (1916, p. 135). Foote also noticed 
that fossil bones occurred in the gravels, but the discovery of an 
interesting Palaeolithic industry is due to Sankalia (1946, p. 44). 

The sections in the banks of the Orsang arc somewhat more 
variable than those on the Sabarmati and the Mahi, but basically the 
sequence is still the same. In fig, 10 three sectlon,s are reproduced 
of the right bank of the Orsang, near the mouth of the Kundya Nala, 
It is here that the palaeolith-s were found. The figures show that the 
general sequence, of a silt or day at the base, fiuvTatile sand and gravel, 
a period of red weatheriiig, a period of fluriatile sands changing upwards 
into aeolian deposits, is present again. But the entire sequence is only 
about 50 feet thick. There is considerable ^'ariation m the beds below 
the red ,soiL In places (e, g. right part of Section II, fig. 10) there is a 
cemented gravel overlain by sand, but the sands and gravels are irre¬ 
gularly deposited, forming thick beds in places and thinning out else¬ 
where. There are parts of the cliff which arc sandy throughout, whilst 
in others gravel dommates right up to the red weathering. Moreover 
the gravel is often loose. In Section I, where the gravel produced 
palaeoliths, the weathering has stained the gravel red. But the investi¬ 
gation of the section revealed that there is, at this place, hardly more 
than an iron-staining present. This alone would not justify the 
assumption that the reddening corresponds to a period of weathering, 
but on the opposite (left) bank, in the cliff below the junction of the 
Unchh, the red .soil occurs on silt and gravel (ji rifu. Samples were 
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collected from ttiis section and they will have to be analysed. It is 
probable that the weaiherinfj is of the same type as the red weathering 
of the buried soil (T) of the Sabamiati. It is not of the lateritic type. 

The upper scries begins with lenses of gravelly days in places, 
and in others with fluviatile sand. They correspond to the lower part 
of period (U) of the Sabaitnati. The upper part is distinctly aeolian, 
though with one characteristic diderence; the acolian silt component 
is far more conspicuous than on the Saharmati and the Mahi. Some 
of these silts, for instance on the left bank, may almost be described 
as sandy loess. 

The top soil is black and about 8 feet thick with a pale leaching 
horizon of about 1-2 feet on top. On inclined surfaces the soil tends 
to he brown. 

From the typological point of \-iew, the Orsang industry is 
identical with the Sabarmati Palaeolithic, Many of the implements are 
rolled but, in a river gravel, rolling need not imply a much greater age. 
Sankalia found no typological differences between the fresh and the 
rolled groups. 

The stratigraphical sequence of the Orsang Valley and its 
climatic implications are thus as Follows:—■ 

(Q) (R) (S). A period of river activity. Deposition of 
molded clay, or its equivalent, seems to me more prevalent 
in the lower pan of the series, but beds of clay, sand and 
gravel follow each other in vandng combinations, both 
vertically and horizontally. Climate; probably a period 
of decreasing river activity since the river was aggrading, 
but even in the final stage of this period more water appears 
to have been present than in the Sabarmati, 

(T) Period of red soil. Climate; more humid than previously, 
a diy’ forest climate, as on the Sabarmati. 

(U) Revival of river aggradation passing Into aeolian phase. 
Dune sands beside fluviatile sands. Also locss-Iike silts. Since 
loess is deposited at a greater distance from the area of 
aeolian deflation than are sands, and since loess requires 
suitable vegetation (steppe) to catch the wind-bome dust, 
it may be inferred that the Orsang was nearer the margin 
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of the dry zone than the Sabarmati during this dry phase. 
It IS possible that this period has to be subdivided. On the 
San^eda side a faint indication of a greyish-brown 
horizon, possibly due to weathering, is seen in the series. 
But the one or two dry epiphases (W and Y ) of the Sabar- 
inati have left no clear trace in the Orsang sections 
investigated. This may again mean that the climate was 
slightly damper than on the Sabarmati and just able to 
pretent the blowing about of the sand during phases W & Y, 
(Z) The modem soil, indicating a return to somewhat damper 
conditions after the end of the aeolian phase, 

(bj T/ie Nsrbadu at th^ Afoutk of the Orsang, 

A short \Tsit was paid to the clilTs at Chandod. A little distance 
ujKtream from this town the Orsang joins the Narbada as a right-hand 
tn uiarj, The section was plotted over the distance of about a mile, 
ramprising the ctiifs from Chandod upstream to the mouth of the 
rsang and thence up this river. There was no time to measure the 
sections, nor to study them in detail. It became erident, however, that 
is area deserves a close study. Several observations could be made 
which have a bearing on the history of the course of the river and 
would help in interpreting the stratigraphy both of the Karjan and the 
up^r Godavari. For this reason the sections arc recorded here {fig. 
11J, although the observations must be regarded as of a preliminan' 
character. 

Chandod lies about 13 miles downstream from the exit of the 
j^rbada from the gorge in which it has cut through the Western Ghats, 
Hie Deccan Trap, therefore, supplies much of the material of the river. 
The Orsang brings rock from the crystalline comple.\ and there is also 
a batch of the Cretaceous Bagh Series upstream from the mouth of the 
Orsang, supphing sandstones and limestone. The dark colour of the 
gravel be^, however, suggests that the trap component is dominant. 
This applies even to the cliff up the mouth of the Orsang where, in 
all probability, the Narbada mvades the alluvial funnel of its tributary 
during the period of hoods. 

The section is not exposed right down to water level. There Is 
a low alluvial terrace present, which on the Orsang consists of sticky 
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clay of very recent origiiL, and on the Narbaria of sand. This level is 
connected with the present seasonal regime of the ri\'crs. In addition 
there is on the Orsang a step in the cliff which consists of loose black 
gravel and sand. It reaches to about 15 feet above the level of the 
mud-bank and is probably plastered against the older, erosional cliff 
(fig. 11, “cross-seaion"). If this is correct the gravel suggests a late 
aggradation period after the formation of the main cliff. This gravel 
has provided no clue to its age. It may be Pleistocene but the possi* 
biiit>' of its being Holocene must be kept in mind. The grax'el is 
blackish and apparently the product of the Narbada, not of the Orsang. 

The main cliff contains stratified silts and sands in its upper 
part. There is no question here of aeolian deposits. In comparison 
unth the Sabarmati and Mahi. water actiAuty here has been more 
intense throughout. Below this upper sUt and sand an older series 
occurs in the Orsang. It consists of silts, sands, and gravel which, as 
seen in Sartlon IV of figure U, arc distributed in a peculiar way 
suggesting a fault and a sinking away of the left-hand part of thus 
section while the deposition of the upper sand and silt series was in 
progress. At the disturbance itself the upper beds dip so steeply (the 
sketch, section IV, U not exaggerated) that it is somew'hat difficult to 
hold the alternative view, namely that fluviatiic sand and silt W'as shed 
over a pre-existing cliff. In the. right-hand part of the section too, the 
gravel beds have a dip which is considerably sleeper than is usual in 
fluviatiic deposits. In this connection it is worth while to record that 
as long ago as in 1869, speaking of a locality near Broach, some ^5 miles 
downstream from Chandod but also lying near the escarpment of the 
trap and the sedimentary complex underlying it, Blanford (p. 72) 
said: “The alluvium which forms the cliff along the river banks was not 
only much consolidated....but the beds in places were seen curved as if 
disturbed.... all of these alluvial deposits require a more careful 
and thorough search and examination for indications of their origin.... 
Enormous tracts arc covered by them, they arc the richest and most 
thickly populated districts of the country and they are eminently 
deserving of study, if only for agricultural purposes, for upon their 
distribution depends, to a great extent, the kind of grain grovra and 
consequently of food consumed by the people of the country. But their 
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ffeologic^ history- is stiU very obscure." ^ITiis call for increased work 
on the Plewtocene deposits of India has stiH not been answered. It 
li ustrates that tn those remote days of Indian geologj^ the importance 
of the study of superficial deposits in the interests of the food economy 
o the country was perhaps more clearly realised that it is today. The 
expedition of 1949 was probably the first officially supported expedition 
examining deposits of this kind. Its purpose was largely historical, i.c. 
the changes in ennronment and their co-ordination vsnth the technolo¬ 
gical evolution of early man were to be studied. But it Is worth while 
to point out that such work supplies a wealth of information of potential 
economic interest to modem man. 

Returning; to Blanford^s point, he appears to have observed 
disturbances comparable w’iih those found by us at the mouth of the 
Orsang. 

On ihc Narbada (%. 11, V, VI, VII), the actions comprise 
bedded sand belov a bed d gravel, about 15 feel thiek in the middle. 

and the stratified silt and sand on top. 

It is impossible to intciprct this series without further study on 
the spot. It appears that three complexes are present, namely fa) an 
older complex of sands and gravel, (b) an upper complex, apparently 
starting with gravel but mamly composed of sand and silt and (c) 
separated from these two by a period of erosion, an aggradation of 
gravel, which is perhaps relatively recent. 

These sections indicate that water has played an even greaicf 
part in the formation of the deposits at Chandod than it has at 
Sankheda. It appears that, proceeding south-easmards, one is leaving 
the region of wind action, to which the Sabarmati belongs. The second 
point of interest is that an entboitement has to be reckoned uith, i.c. 
the deposition of river deposits at the same height above the present 
water level in successive periods of aggradation, separated by periods 
of erosion. 

(c) The Karjan River Near Rajpipla, 

i\bout seven miles south of the Narbada at Chandod, the city 
of RajpipJa (Nandod) is situated on a large meander of the Karjan 
fiver, which is a left tributar}' of the Narbada. The Karjan comes from 
the Deccan Trap the escarpment of which lies only two or three miles 

ft 
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upstream from the town, No distiirbanccs of possibly tectonic origin 
were observed in the sections whichj for this reason, arc more intelligible 
than those at Chandod. Moreover, the river deposits at Rajpipla have 
produced Palaeolithic implements, which have been described by 
Sankallv (1946, p, 317). 

The sections on the left bank of the river, west of the town near 
Snjva village, are cut into an exceedingly fiat terrace, the helglit of 
which varies from 156 to 164 feet R. L., which is about llK) feet above 
river level. They show^ (fig. 12) consistently two sets of deposits. The 
low'er one rests on mottled clay, consists of stratified sands and finish^ 
with a brown clayey horizon which looks like a soil. Samples have been 
taken for analj^is. This horizon is extremely persistent and has the 
consistency of clay like a modem cotton sod, though its colour is choco¬ 
late-brown instead of black. The second set begins with a gravel or 
w-ith sand. The upper part of the sand is either replaced by a blackish 
gravel or inierstratified with it. A black soil, possibly, a cotton soil, forms, 
the modern surface. 

It is noteworthy that the suspected buried soil is less high above 
the water le^Tl farther upstream. At Hanumanjino Nala its surface is 
60 feet above water lev'el, at Sajva it is 45 feet and on the right bant 
at the ghats of Rajpipla town, about 26 feet. 

The two sets of deposits arc curiously rcniinlsceni of the two 
sets, separated by the wfeathering period (T), obsen'ed in the Sabar- 
mati. the Mahi and the Orsang. One is tempted, therefore, to identify 
the suspected buried soil with the red weathering of the Sabarmati. If 
this can be substantiated it will mean that a regur type of weathering 
was prevailing in Rajpipla. WTrether the unbedded sands of these 
sections contain acolian material remains to be seen. 

On the right bank of the river immediately below the houses of 
the town, the section is only about 60 feet high. It differs from those 
near Sajva in having a cemented gravel at its base and in being gravelly 
throughout up to the deep-browTi, clayey, supposed w'eathering horizon. 
This in turn is covered by fine yellow sand which appears to be aeoHan, 
and a coarse black gravel caps the section. The lower set of deposits 
is here entirely fiuviatile, though the fact that aggradation took place 
suggests that the climate was becoming drier after the formation of the 
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brown cky and the land surface on it, apparently much more like period 
tU) of the Sabarmatj sequence. The final episode, however, k different; 
Marse gra\Tl spr^d over the surface of the sands in a shect-like fashion. 
This IS very obvious if one combines the Rajpipla sections with those 
of the w'estem side of the river, whose valley cannot at that time have 
betm m existence. The gravel deposits appear to have been formed by 
floods coming from the near-by mountains during a period when a good 
seasonal supply of water was available, but when the climate was 
sufficiently and to prevent erpsiom It is a common phenomenon that 
a nver loses water in deltaic fans at the foot of mountains. Decrease in 
water volume mt^ that the gradient has to be steepened by aggra¬ 
dation to maintain the flow'. The top gravels at Rajpipla, therefore, 
would be regarded as evidence of comparatively dry conditions, and 
of a climate drier than the present. The widdy-hcld view that coanie 
gravels need a wet climate and, therefore, a pluvial, is certainly 
erroneous. If the preceding sand phase means conditions of great 
aridity, then the aridity' of the top gravel phase was certainly somewhat 
less. But its climate must not he regarded as humid. 

Greater humidity after the formation of the top gravel is 
uidicatcd by the deep black soil of the land surface and the down- 
cutting of the river. 

As one proceeds upstream on the left bank of the river from the 
sections at Sajv^ the sequence remains essentially the same until the 
cliff becomes overgrown. A large tributary nala joins the river, and 
upstream from it other cliffs begin. They soon become precipitous and 
show a sequence very' different from that obsen-ed further dowrnstream. 
At Ringiiik] Dhol, the lower third of the cliff, which may be about 100 
feet high, is composed of solid, brown, greasy clay. Sometimes it is 
mottled and kunkar nodules are present in it. Near river Jewel the clay 
contains pebbles in places. Most of these arc angular. ITiey cannot 
have suffered much transport. The higher part of the cliff, which was 
not accessible, also consists mostly of clay but apparently interbedded 
with sand. 

This section is so different from those described previously that 
there is perhaps a disconformity hidden near the mouth of the nala 
which separates the Sajva area from that of Ringniki Dhol. The only 
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point of resemblance between the t>vo b that the clay of Ringnikt Dhol 
is somewhat like the thin layer of clay in the Sajva and Rajpipla town 
sections which have the appearance of a fossil soil. It is possible that 
the material of this supposed soil is really derived from the clay mass 
exposed at Ringniki Dhol. But it is equally possible that the clays of 
Ringniki Dhol are an accumulation of clay derived from cotton soils 
and deposited in w'ater. 

These clays assume some importance because they appear to 
be very similar to the clays found on the middle Narbada, w'hich are 
connected with the famous implementiferous and fossiliferous Pleis¬ 
tocene sequence of Hosaugabad and NarsJngpur. These latter deposits 
are separated from the low'er Narbada by a long gorge-like pass 
through the trap mountains, fiut it is conceivable that at the foot of 
these mountains clays were deposited, the material of which was 
derived from cotton soil w'eathcring somewhere upstream in the same 
river system. Blanford (1869 ) emphasised the dose resemblance of the 
clays of the lower Narbada to those of the middle Narbada. As I have 
not been able to \isit the latter area 1 can only accept his statement. 
At Ringniki Dhol the clays would appear to belong to an older series 
than do the gravels and sands of the Sajva and Rajpipla town sections. 
The latter would constitute the filling of a valley cut into this clay. 

The conclusions to be drawo from these observ'ations on the 
Narbada system, at Sankheda, Chandod and Rajpipla, arc admittedly 
tentative. The eridence is clearest at Sankheda. for the same two cydes 
of increasing aridity were found as on the Sabarmati, separated by a 
fossil soil. The entire sequence, hoivever, appears to have Ijecn preceded 
by the formation of large quantities of brown clay, and these clays might 
in the future afford a link with the deposits of the middle Narbada. 
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V. THE UPPER GODAVARI SYSTEM. 

Some observatioiw were made about 130 tniles south-south-east 
of Raj'pipla, oa the upper Godav'art system in the area of Niphad., not 
far from Nasik. Unlike the river systems considered so far, which all 
drain westwards into the Arabian Sea, the Godavari crosses the Indian 
Peninsula to flcnv into the Bay of Bengal. For this reason the rivers 
near Nasik flow on a mature land surface which has been denuded to 
an almost flat plateau with a few isolated iiiselbergs. In spite of the 
maturity of the landscape* how'ever, the profiles of the rivers are not 
graded and they present many knickpoints which indicate shifting of 
the river bed in Pleistocene times. Moreover, the bed of the river Ls in 
the solid rock, and dowm-cutting is proceeding actively- The solid here 
is the Deccan Trap. 

The area has become known for two reasons. About 10£J years 
ago a skull of Kleplms Tinmudicus was found near Paithan on the 
Godavari, in a cemented gravel. I’hc disco\'cry was made by 1‘alconer 
{Blaskqbu, 1B69, p. 70). In 1904 PiLCRm found the lower jaw of a 
hippopotamus and part of the skull of an elephant in the cemented 
gra^'cl at Nandiir which he also attributed to EUphas namadicus. Since 
this species occurs in the middle Narbada deposits it is possible that a 
palaeontological dating of the Godavari gravel can ultimately be 
carried out- 

The first prehistoric artifact was found by VVy>’NE about 1863, 
again near Paithan, This Hake caused great interest in those early days, 
as described by Sankaua (1943, p- 6), It occurred in the river hank 
about 30 feet below the surface. It induced SajjkalJA to undertake a 
fresh surv'ey, for which he selected Niphad as his centre. He succeeded 
in collecting from the lower gravel about thirty cores and flakes 
(Sankalia, 1943, 1945). Ty-pologically these sptximens are difficult to 
classify as they lack the characteristics of known industries. They W'cre 
struck apparentlv from discoid cores and also oblong cores. This 
industry does not resemble that of the Sabannati. From the purely 
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typological point of view it might even be classified as Neolithic, though 
of course the stradgraphical position disproves such interpretation. 
Perhaps they are no more than waste flakes, which are nearly every¬ 
where more common than finished implements, and more characteristic 

artifacts may be found in the future. 

The geological succession of river deposits presents the following 

picture, 

CojiftueTicc oj nijisiha Nctltt and Kadva. 

At the village of Niphad, the Kadva, a tributarj’ of the Godavari, 
is joined by a left tributary, the Vainatha Nala. The section on the 
left bank, at the junction, is as follows (fig. 13): 

(Z) Black topsoil. 

(?) 17 feet of loessic silt. This material is the most bess-Eke 
I have seen in India, 

(?) 10 feet of loose gravel. 

(?) 7 feet of cemented gravel. 

(?Q) Brown hardened day, resting on a rock bench about 
6-7 feet above the dry-season water level of the Vainatha. 
The total height of the section is 43 feet above water ievd. There 
is no fossil soil subdidding this section, which indicates no more than 
one cycle of increasing dry^ness of climate. It starts with mottled day 
on an eroded surface and passes through the usual stage of coarse gravel 
and silt to an apparently purely aeolian silt (?iocis). Whether this 
cvcle is the Later or earlier of the two w-c have been able to distinguish 
farther north, cannot be sho^^Ti at this point. 

The river bed at the junction presents a surprising feature. 
The rock surface of the bed, though very- uneven, is distinctly higher 
in the Kadva than in its tributary' the Vainatha [see p. 40). 

Confluence of Kadva and Godavari. 

About five miles south-east of Niphad, the Kadva joins the 
Godavari as a left tributary. At this point a brge artificial dam is 
holding up the water, and the monsoonal overflow has scoured dean a 
large surface below the dam, where there is exposed an area of rock 
bench of more than, half a square mile, On the left bank, a eUff about 
a mile long provides a section of Pleistocene deposits (fig, 14). 

The section has to be considered in two parts. The upper part 
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(nearer the dam) rests on a rock floor which slopes downstream more 
steeply than docs the surface of the terrace. At the dam there is 20-25 
feet of deposits whilst at the doun-stream end of this section there is as 
much as 63 feet. This rock bench belongs to the Kadva. It is separated 
from the channel of the Godavari by slightly higher ground. The section 
begins with cemented gravel resting on the rock. There is about 5 
feet of it and it appears that the fossils found by PiLCitrai came from 
this level. The gravel may be considerably older than the remainder 
of the section, though it need not be so. It is, perhaps, the consolidated 
basal portion of the overlying loose gravel which is of a finer grade. 
The fhirknr<i't of loose gravel varies, but may be taken to be about 
2 feet. There are some gravel lenses in the higher part of the section, 
the remainder of which consists of fine sand and silt which is distinctly 
bedded in places and not of acolian appearance. A flu\’iatile silty sand 
is found on top, and a black soil has developed on the surface. As one 
proceeds downstream along this cliff the rock floor continues to drop 
away, until a bed of cemented grav'd, about 2 feet thick appears at a 
slightly lower level than the cemented gravel mentioned previously. 
This lower cemented gravel rests on clay with kunkar, much like the 
mottled clay of the Sabarmati. Soon after the appearance of the lower 
cemented grav'd, the structure of the terrace section as well as the 
height of Its surface change. The surface drops about 11-12 feet and 
the silts and sands are replaced by loose gravel with sand and some 
kunkar. The junction is almost vertical and evidently a buried cliff. 
It shows that a younger aggradation has been plastered against an 
older one: a typical case of embmtement. 

The river has passed, therefore, through two cydes of fluviatilc 
aggradation, separated by a period of erosion. The first cycle begins 
with the upper bed of cemented gravel and finishes with fluviatile silty 
sand. Bv this aggradation the river raised its bed at least 40 feet. .After 
this period of aggradation, which must correspond to a period of in¬ 
creasing dryness, the river cut down. Before doing so it appears to have 
shifted its course somewhat to the south, on top of the aggradation. 
Down-cutting means increased water supply and one may, theiriore. 
regard this as a period of a more humid climate than was obtaining 
previously. 
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It is difficult to say which deposit marks the beginning of the 
second period of aggradation. Approximately at the point where the 
lower terrace is plastered against the higher, the mottled clay appears. 
It is possible to interpret the situation in such a way that the mottled 
clay is regarded as younger than the higher terrace. In this case the 
overlying lower cemented gravel would be younger than the upper 
cemented gravel underlying the high terrace. This is perfectly possible, 
since cementation by calcium carbonate is a very usual phenomenon 
in gravel resting on an impermeable substratum. It must, therefore, not 
be regarded as a criterion of age. On the other hand, one gains the 
impression that the lower cemented gravel continues under the higher 
terrace (fig. Ur). If this is correct the second aggradation cycle would 
begin svith the loose gravel. It indicates another period of increasing 
dryness. 

After this period the river cut down again and the present bed 
was formed. As regards the rock benches, the same situation is observed 
here, as at the junction of the Vainatba and the Kad\'a. The present 
Ciodai'ari, the main river, flows on a rock bench from which it descends 
with rapids to the valley of the tributary, the rock bench of which is 
low'er and which contains older gravels. It appears that the main 
river has shifted in both cases from north to south, probably as a result 
of its being lifted up by aggradation. It would be interesting to know 
whether this phenomenon is more general in the Deccan rivers, as it 
might well be due to a slow earth movement. 

Alternative Interpretations of the fiodavari Sections. 

Two successive cycles of increasing aridity are thus observed in 
the upper Godavari system. Whether these arc the same as the rivu 
cycles of the Sabarmati remains to be established. It is possible that 
the very' hard upper cemented gravel is the remnant of an even earlier 
period of river acti-k-ity. Since the human artifacts recovered from this 
system are not sufficiently characteristic to define their age, we have 
to be content with stating three of the alternative interpretations 
possible: 

(A) The lower terrace is the youngest cycle, corresponding to 
period (U) of the Sabarmati and the higher terrace corresponds to the 
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older cycle {R -{- S of the Sabarmati). The upper cemented gravel is 
part of the high terrace. 

(B) Exactly as (A),^ only the upper cemented gravel belotigs 
to a yet earlier cycle of aggradation, 

(C) The lower terrace with its underlying cemented gmvcl 
and mottled day corresponds to the older cyde of the Sabarmati 
(Q + R -b S) and the entire sequence of the higher terrace corresponds 
to an earlier cyde not represented in the Sabarmati sequence. 

The evidence for Vrind action is pushed into the background by 
river action. This Is so although a Joess>iike deposit was found in this 
area. The conspicuous deposits of wind-blown sand found 250 miles 
to the north are absent, and the entire sequence has a much more 
Buviatile aspect. 
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(1) T/ie Climatic .Sequence and the Prahkm af Tropica! Pitwials. 

The Sabarmati sections reveal repeated oscillations of the cliniatc 
between drier and wetter conditions. The earliest fn'tdcnce of wetter 
conditions is that of ihe later it e phase, which suggests a 
rainfall higher than the present. It is the only period which 
could Icgimately he called a piusial, although it too must 
have had a dry' season. The evidence so far accumuiatefl 
b not sufficient to say whether this period preceded the formation of 
the Palaeolithic gravek immediately, or with a long inter\'al. The 
Urn \icw is slightly more probable. After the initial period, the climate 
oscillated around present-day conditions. It was fin:t moderately 
humid and then became drier (phases Q, R and S], ft became mode¬ 
rately humid again (phase T, red soil) and once more became drier. 
After these two major cycles the present laud surface wa.s formed, 
probably under conditions resembling those of the present day. There 
followed two subsequent minor periods of increased aridity, of which 
the la.st is quite insignificant. 


Thk sequence shows that since the formation of the PalaeoUthir 
gravels Northern Gujarat has not experienced any periods which had a 
rairdall heavier than at present. .Since these gravels, on typological 
evidence, are of Upper Pleistocene or earlier age. one would have 
expected to find evidence of damper conditions on the grounds of the 
current theory' of pluvials. 


The thTOiy holds that pluviak occur all over the world during 
the phases of fetation in temperate latitudes. Whilst it can be shown 
(Zelner, 1945) that thts theory is justided in the strict chronological 
sense for the Mediterranean, i.e. north of the Dry Belt, it is bv no 
means certain whether the pluvial phases in the equatorial and 
monsoonai bdts (collectively called the Tropical Zone) were contem- 
^rary with l^he northern glaciations or not. The assumption has often 
been made that they were, hut it has never been possible to prove this 
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CONCLUSION 


rhe evidence obtained on the Sabarmati now suggests that the situation 
IS more complex, and that the interpretation of PicisttKcne deposits in 
terms of climate has to be worked out indcpendctitiy for the Tropical 
zone, before a cJimaric correlation is attempted, 

(2) Geagtaphical Zonatieit. 

Tlte deposits of the scveml river systems investigated suggest a 
dccrea.se in the intensity of the udnd action as one proceeds from north 
to south. It IS also evident that there were times when drier conditions 
dian tliTOc of the present day obtained as far south as the upper 

K?* ‘‘PPeaiS, therefore, that the Dry Belt, on the fringe of 
which Northern Gujarat is situated, extended farther south fronrtime 
to tunc, 

(3) CoTrelaHun of Tropical Ptuviah with Glaciations, 

The relatively small distance between the area mv«fUgated and 
the Himalayas, which were heavily glaciated during the Pleistocene, 
causes one to expect evidence for corresponding p]u\ials. In the ahsence 
of fossils from most of the aix^as discussed in this paper, one might 
tentatively use the Palaeolithic mdustrics to assess relative ages. The 
Sabamiati industi^- can hardly be correlated w'llh the lower Sohan 
complex of Patersojv, Moxius and others but rathecj^dlJi thejate 
^han. Ill UE Ti-HttA's sequence for North-west India, based on 
Kashmir and Northern Punjab, the late Suhan is contemporary with the 
Penultimate Glaciation. If wc assume, feuMiuLsahe. of. argument, that l' 
the Sabarmati indu-Stry is of an approximately slmiJar age, it Is evident '' 
that ihei'c is on the Sabarmati no evidence of a true pluvial corres¬ 
ponding to the Last Glaciation. Tlic only possible equivalent would 
be the red soil (T), but this for pedological reasons can hardly be 
taken as indicating a climate with a rainfall much heavier than the 
present. The whole problem of the relation of tropical pluvials to 
glacial phases needs fresh consideration, and India affords particularly 
favourable conditions for such ^vork. 

{4J 7*/fe Age of the PalacoUthie Industry of the SabarmaH, 

That the Sabarmati industry- postdate's the fast humid period {of 
the formation of tlie lateriti ) does not mean that it is geoiogically young. 

It is cohered by a formidable sequence of fater deposits. Two ways are 
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open at present for dating it. The typological correlation has been 
pointed out in the pretdous paragraph. According to this and assuming 
that DE Terr.'v’s dating of the Sohan is right, the indusirv- would be of 
Penultimate Glaciation age or perhaps a little later. This Is the most 
likely interpretation. On the other hand if one chooses to correlate 
the Sabarmati cemented gravel \sith the upper cemented gravel on the 
Godavari at Nandur, the industry would be contemporary with Elephas 
namadiciis, a fossil also known from the upper gravels of the sequence 
of the middle Narbada [de Terua, 1936, p. 821). This zone, too, is 
correlated by UE Tebha with the Penultimate Glaciation and the tenta¬ 
tive age obtained by the first method is thus confirmed. It has been 
pointed out, however, that the conditions at Nandur are not unambi¬ 
guous (p. 40), nor is Eh ph^s namadicus restricted to the gravels of the 
upper zone of the middle Narbada. More work is necessary, therefore, 
to substantiate the suggested age. 

Assuming that the Penultimate Glaciation of the Himalayas 
is contemporary with that of Europe (and there is reason to believe that 
this is so), the age in years of the Sabaimati industi'y may be estimated 
in a very tentative way by applying either Penck's geological dating 
method or the Astronomical Theory. According to either it would be 
of the order of 150-200,000 years. 

(5) The Age of the MicToUtkic Phases. 

The stratigraphical record suggests that the microlithic pre- 
pottery' phase of Langhnaj is followed closely by the Iron Age micro¬ 
lithic phase. For this reason one is inclined to assign to it a compara¬ 
tively recent age. In other parts of India evidence suggests that 
pre-pottery microlithic artifacts date back to comparatively early times, 
for instance near Tuticorin, as will be explained in another paper. 
Since the Iron Age microliths need not be older than about 2000 yearn, 
a figure somewhat higher than this will probably apply to the pre- 
pottery microliths of Langhnaj. 

This first report on the field work done during the joint expedi¬ 
tion of the Archaeological Department and Deccan College Research 
Institute will be followed by others describing and discussing the evi¬ 
dence from other areas visited, and the results of investigations of samples 
in the laboratory. 
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Fii. 4. Saburniiitl cM at Hirpom^ 1b ^ 2fl/J/4&, Fig. 5. Sabamiatt clifT at Jtum HndQb 25/1/49. 
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Fii. 8- Crtjii tcctkn uf file Tighl bmnk o^ tbc S^bumati rivtr downUrtOTi frotti ValaeoA- 
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fig. 11. Seven Kcdmis from ttvc lighi bank the Oniing ami thr Naibml*. upineom from Chatulwi, H/2/4$. 
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